Background: A phase III trial was conducted to determine whether neoadjuvant chemotherapy (NACT) before radical surgery (RS) improves overall survival.
Treatment of International Federation of Gynaecology and Obstetrics (FIGO) stages IB2, IIA2, and IIB cervical cancer remains controversial. Bulky stage IIA (tumour diameter 44 cm) cervical cancer was revised to stage IIA2 (Pecorelli et al, 2009) in the FIGO staging system in 2009. Major treatment options include radical surgery (RS) with or without postoperative radiotherapy (RT), neoadjuvant chemotherapy (NACT) followed by RS with or without postoperative RT, and concurrent chemoradiotherapy (CCRT). Radical surgery usually entails type III radical hysterectomy (Piver et al, 1974) plus pelvic or para-aortic lymphadenectomy (or both). For stage IB2 and IIA2 cervical cancer, the National Comprehensive Cancer Network (NCCN Clinical Practice Guidelines, 2012) clinical guidelines mainly recommend CCRT (category 1) and, to a lesser degree, radical hysterectomy with pelvic lymphadenectomy and para-aortic lymph node sampling (category 2b). In Japan, however, more radical procedures, such as Okabayashi's (type III or IV) radical hysterectomy plus pelvic or para-aortic lymphadenectomy (or both), remain the standard treatment of choice for stages IB2, IIA2, and IIB cervical cancer (Fujii et al, 2007) .
Before we started this study, only one randomised controlled trial conducted at a single centre had compared NACT plus RS with RS alone. In 1997, Sardi et al (1997) reported the results of a randomised trial that compared NACT plus RS with RS in 205 patients with stages IB squamous cell cervical cancer. Three courses of NACT with vincristine, bleomycin, and cisplatin (VBP) were given in NACT group. Overall survival at 8 years with NACT group was superior to RS group (81% vs 66%, Po0.05). In a subgroup analysis in patients with non-bulky tumours o4 cm, there was no significant difference between the two groups (82% vs 77%, NS).
Thus, NACT plus RS has emerged as a valid alternative investigational treatment. In 1998, one institution affiliated with our group confirmed that combination chemotherapy with bleomycin, vincristine, mitomycin, and cisplatin (BOMP) produced a high response rate (76%) in metastatic cervical cancer (Shimizu et al, 1998) . We decided to use the BOMP regimen as NACT.
To clarify the potential benefits of NACT before RS, we undertook a phase III, randomised controlled trial to compare NACT plus RS with RS alone in patients with stages IB2, IIA2, and IIB cervical cancer.
PATIENTS AND METHODS
Eligibility criteria. Patients who had primary, previously untreated, histologically confirmed squamous cell carcinoma of the cervix with bulky FIGO stage IB2, IIA, and IIB disease (tumour diameter 44 cm on magnetic resonance imaging (MRI)) were eligible for this Japan Clinical Oncology Group (JCOG) study (JCOG 0102). In July 2003, the criteria were amended to patients with FIGO stage IB2, IIA2 (tumour diameter 44 cm by clinical measurement), and IIB (irrespective of tumour diameter) disease and additionally required the presence of target cervical lesions (42 cm) on MRI according to the Response Evaluation Criteria in Solid Tumours (RECIST) guidelines. Patients who were suitable candidates for radical hysterectomy as described in the treatment schedule section were eligible. Patients were also required to be between 20 and 70 years of age, to have performance status of 0 or 1, and to have normal organ functions and normal electrocardiogram. Patients with any of the following conditions were excluded: synchronous or metachronous (within 5 years) malignancy other than carcinoma in situ or mucosal cancer; pregnancy; psychotic disease; active infection with fever; uncontrolled hypertension or diabetes mellitus; positive hepatitis B surface antigen; a history of heart failure, unstable angina, or myocardial infarction; interstitial pneumonitis or pulmonary fibrosis; or severe obesity, liver cirrhosis, or bleeding tendency. All patients gave informed consent before enrolment in this study, which was approved by the institutional review boards at the participating institutions (UMIN-CTR No. C000000194 and clinicaltrials.gov No. NCT00190528).
Treatment schedule Neoadjuvant chemotherapy. Patients were randomly assigned to receive either NACT followed by RS or RS alone. The BOMP regimen for NACT comprised bleomycin (7 mg) as a 30-min intravenous infusion on days 1-5, vincristine (0.7 mg m À 2 ) as a bolus intravenous injection on day 5, mitomycin (7 mg m À 2 ) as a bolus intravenous injection on day 5, and cisplatin (14 mg m À 2 ) as a 30-min intravenous infusion on days 1-5 of a 21-day cycle. Patients initially received two cycles. Patients who had a complete response (CR) or partial response (PR) after two cycles of BOMP were given two additional cycles. Treatment was administered if the white cell count was X2000 per ml and the platelet count was X75 000 per ml. Treatment could be delayed for up to 2 weeks until these minimum criteria were met.
After NACT, the patients were clinically reassessed and classified as suitable or unsuitable for radical hysterectomy. The criteria for radical hysterectomy includes adequate organ function with good performance status. The unsuitable patients received RT, including whole pelvis RT and brachytherapy.
Surgery. The standard procedure used to perform radical hysterectomy in this study was based on Okabayashi's radical hysterectomy as reported by Kyoto Imperial University in 1921. This procedure involves wide extirpation of the parametrial tissue and separation of the posterior leaf of the vesicouterine ligament (Okabayashi, 1921) . With the use of this technique, the surgeon can separate the bladder with the ureter completely away from the lateral side of the cervix and the vagina. This dissection facilitates resection of all periureteral tissue and any length (more than one-third) of the vagina and paravaginal tissues. Okabayashi's radical hysterectomy is thus classified as type III or IV radical hysterectomy (Okabayashi, 1921) .
In this study, radical hysterectomy require removal of at least 3 cm of the vaginal and paravaginal tissues, and if the vagina was involved, removal of the vagina and vaginal tissues with a margin of at least 2 cm from the cancer. Twenty or more pelvic lymph nodes were required to dissect. If metastases to the para-aortic nodes were suspected, the para-aortic nodes were sampled or dissected. Radical surgery was performed within 3 weeks after randomisation in the RS group and within 8 weeks after the last administration of chemotherapy in the NACT group.
Postoperative RT. The protocol required that postoperative RT was started within 6 weeks after surgery. A total dose of 4500-5040 cGy was delivered to the whole pelvis in daily fractions of 180-200 cGy if patients had pelvic lymph node metastasis, parametrial involvement, or deep stromal invasion (X2/3). Extended-field external beam therapy, delivering a dose of 4500 cGy by a four-field technique, was administered to patients with positive para-aortic nodes. High-dose rate brachytherapy was delivered to the vaginal stump if patients had positive surgical margins.
Response and toxicity evaluation. Tumour response in the NAC group was assessed according to the RECIST guidelines (Therasse et al, 2000) . Target lesions, including the primary cervical tumour, were measured by MRI. An independent response review committee evaluated all tumour responses after the investigators had completed their assessments.
Toxicities were evaluated according to the National Cancer Institute Common Toxicity Criteria (NCI-CTC, version 2.0) (Trotti et al, 2000) . Surgical morbidity was defined as adverse events related to surgery that occurred between the date of surgery 1 month postoperatively. Early and late adverse events of RT were respectively defined as adverse events that occurred within the first 90 days or more than 90 days after the completion of RT. Late adverse events were evaluated according to the RTOG/EORTC Late Radiation Morbidity Scoring Scheme in Appendix IV of NCI-CTC, version 2.0 (Trotti et al, 2000) .
Statistical considerations. This was a randomised, multicentre, nonblinded, prospective, phase III study. After confirmation of the inclusion/exclusion criteria by telephone or fax to the JCOG Data Center, the patients were randomly assigned to treatment according to a minimisation procedure. Minimisation criteria were disease stage (I; II), age (p50 years; 450 years), and institution. The primary end point was overall survival. The secondary end points were progression-free survival, surgical morbidity, compliance with radical hysterectomy, omission of postoperative irradiation, early and late radiation-related morbidity, and rate of response to chemotherapy. Overall survival was measured from the date of registration to the date of death from any cause, and data were censored at the time of the last follow-up for surviving patients. Progression-free survival was measured from the date of randomisation to the date of the first event (i.e., confirmation of disease progression or death from any cause), and data were censored at the last date on which the absence of disease progression was confirmed.
We assumed that the 5-year survival rate would be 60% in the RS group and 75% in the NACT group. The planned sample size was 100 patients in each treatment group, with a one-sided a-level of 0.05, a power of 0.8, an accrual of 5.5 years, and a follow-up of 3.5 years (Schoenfeld and Richter, 1982) . Two interim analyses were scheduled. The first interim analysis was done when 100 patients had been randomly assigned to treatment, and the second was done when all patients had been assigned treatment. Multiplicity was adjusted by the method proposed by the Southwest Oncology Group (Green et al, 1997) . The significant levels were one-sided 0.005 at each interim analysis and one-sided 0.045 at the final analysis. Survival curves were estimated with the Kaplan-Meier method, and stratified log-rank tests were used to assess differences between treatment groups, stratified according to disease stage (I vs II) and age (p50 years vs 450 years). We used a Cox proportional hazard model to estimate treatment effects. All analyses were done on an intention-to-treat basis, except for toxicity. Toxicity analyses were restricted to patients who had received at any part of their assigned treatment. Although this trial was designed for one-sided hypothesis testing, follow-up results are reported with two-sided P-values because of the exploratory nature of the analysis. All analyses were carried out using SAS software, version 9.1 (SAS Institute, Cary, NC, USA). On the basis of this analysis, the Data and Safety Monitoring Committee (DSMC) recommended to prematurely terminate the study because overall survival in the NACT group was inferior to that in the RS group (HR, 2.11; multiplicity-adjusted 99% CI, 0.34-13.2), and the predicted probability of significant superiority in the NACT group at the end of the study as assessed by Spiegelhalter's method (Spiegelhalter et al, 1993) was extremely low (6.4%). The study was therefore closed on 1 August 2005.
Between December 2001 and August 2005, a total of 134 patients (67 in the NACT group and 67 in the RS group) were randomly assigned to treatment at 28 institutions. Table 1 summarises the baseline characteristics of the patients. One patient in the RS group was ineligible because of an incorrect histopathological diagnosis of adenosquamous carcinoma on cervical biopsy before enrolment. Three patients in the NACT group who were given a diagnosis of squamous cell carcinoma on biopsy before enrolment were found to have adenosquamous carcinoma on evaluation of their surgical specimens. These patients were considered eligible.
Of the 67 patients randomly assigned to the NACT group, 66 received chemotherapy. One patient did not receive chemotherapy because of her refusal after registration. This patient underwent primary RS. The other 66 patients received at least two cycles of NACT. The overall response (CR þ PR) rate was 70% (47 out of 67) on the investigators' assessment and 66% (44 out of 67) on independent central review ( Table 2 ). Toxicity associated with chemotherapy is summarised in Table 3 . Nearly all toxic effects were tolerable, and chemotherapy could be continued in all but three patients who discontinued treatment during the third or fourth cycle because of toxicity (persistent grade 3 thrombocytopenia in two patients and grade 3 skin toxicity in one patient). Grade 3 alkalosis with hypertension, thrombosis, atrial fibrillation, or skin ulceration occurred in one patient each, but these toxic effects were transient and soon resolved.
Of the 67 patients in each group, 62 (93%) underwent RS, suggesting that operability was similar in the groups. Five patients in the RS group and one in the NACT group underwent laparotomy for RS, but the procedure was terminated during surgery because of inoperable disease associated with conditions such as pelvic wall involvement, disseminated tumours, or both. Median dissected lymph nodes were 47 (range 20-119) in the RS group and 45 (range 13-95) in the NACT group. Para-aortic lymph node sampling and dissection were respectively performed in 22 and 14 patients in the RS group and 20 and 14 patients in the NACT group. Median blood loss and operation time were respectively 950 ml and 5.5 h in the RS group and 1370 ml and 5.6 h in the NACT group. Table 4 shows the pathological findings of surgical specimens obtained from patients who underwent RS. The median tumour diameter in the NACT group was smaller than that in the RS group (3.0 vs 5.1 cm). On postsurgical T classification (pT), downstaging to pT0-Ib1 was confirmed in 40% of the patients in the NACT group. The proportion of patients with positive pelvic nodes was lower but statistically not significant in the NACT group than in the RS group (27% vs 44%, P ¼ 0.091), whereas parametrial involvement was similar in both groups (40% vs 45%, P ¼ 0.717). The incidence of para-aortic lymph node metastasis was 2 and 1 in the RS group and NACT group, respectively.
As for surgical morbidity, ureteral or bladder injuries occurred and were repaired during surgery in two patients in the RS group and two in the NACT group. A ureterovaginal fistula developed postoperatively in another patient in the RS group. Grade 3 wound infections occurred in one patient in the RS group and two patients in the NACT group. Grade 3 dysuria developed in one patient in the RS group. Grade 3 disseminated intravascular coagulation occurred in one patient in the NACT group. The incidences of pneumonia, bowel obstruction, and haemorrhage during the first month after surgery were similar in both treatment groups (0, 3, and 0 patients in the RS group vs 1, 2, and 1 patients in the NACT group).
The proportion of patients who met the criteria for postoperative radiation (i.e., lymph node metastasis, parametrial involvement, or deep stromal invasion 42/3) was significantly lower in the NACT group (48 (72%) of 67) than in the RS group (59 (89%) of 66; P ¼ 0.015), and the patients who received radiation in the NACT group (39 (58%) of 67) were lower than those in the RS group (53 (79%) of 67; P ¼ 0.015). Postoperative RT to the whole pelvis, RT to the para-aortic region, and brachytherapy were respectively given to 53, 2, and 5 patients in the RS group and 38, 3, and 4 patients in the NACT group. Early adverse events (within 90 days after radiation) occurred in 70% (46 of 66) of the patients in the RS group and 55% (37 of 67; P ¼ 0.108) of the patients in the NACT group. Grade 3 or 4 haematologic toxicity was more common in the NACT group than in the RS group (Table 5) , whereas nonhaematologic toxic effects such as diarrhoea or urinary retention were more common in the RS group than in the NACT group. Late adverse events (90 days or more after radiation) occurred in 65% (43 of 66) of the patients in the RS group and 42% (28 of 67; P ¼ 0.009) of the patients in the NACT group. The incidence of grade 3 or 4 lymphedema was slightly higher in the NACT group than in the RS group, whereas urinary retention and bowel obstruction were more common in the RS group than in the NACT group. One patient in the NACT group died of perforation and necrosis of the small intestine 215 days after the last dose of radiation. This death was considered treatment related. At the time of final follow-up (May 2008), with a median follow-up of 49 months for patients with censored data, there had been 17 deaths in the NACT group and 16 in the RS group. The 5-year overall survival was 70.0% in the NACT group and 74.4% in the RS group (Figure 2 ; hazard ratio (HR) by Cox regression analysis, 1.07; 95% CI, 0.54-2.12; two-sided P ¼ 0.85, stratified logrank test). The 5-year progression-free survival was 59.9% in the NACT group and 62.7% in the RS group (Figure 2 ; HR, 1.06; 95% CI, 0.60-1.88; two-sided P ¼ 0.85, stratified log-rank test). On subgroup analyses among patients with stage IB2 disease, the 5-year overall survival and progression-free survival were, respectively, 82.9% and 71.2% in the RS group (n ¼ 25) and 78.4% and 60.5% in the NACT group (n ¼ 25), and among patients with stages IIA2 and IIB disease, the 5-year overall survival and progression-free survival were 69.5% and 58.4% in the RS group (n ¼ 42) and 65.3% and 59.3% in the NACT group (n ¼ 42).
DISCUSSION
Our study concluded that NACT with BOMP before RS did not improve overall survival of patients with stages IB2, IIA2, and IIB cervical cancer. However, NACT was associated with a reduced proportion of patients who received postoperative RT.
The benefits of NACT followed by surgery as compared with surgery alone were addressed in a Cochrane meta-analysis (Rydzewska et al, 2010) of six phase III trials (FIGO stage of the subjects: Sardi's trial (Sardi et al, 1997) , IB1 þ IB2; Napolitano's trial (Napolitano et al, 2003) , IB-IIIB; Cai's trial (Cai et al, 2006) , IB1 þ IB2; Katsumata's trial (present study) (Katsumata et al, 2006) , IB2, IIA2, IIB; Eddy's trial (Eddy et al, 2007) , IB2; Chen's trial (Chen et al, 2008) , IB2-IIB) of 1036 patients, including our immature survival data, after a median follow-up of 34 months. Progression-free survival was significantly improved by NACT þ RS (HR ¼ 0.76, 95% CI, 0.62-0.94). However, the improvement in overall survival with NACT plus RS was not statistically significant (HR ¼ 0.85, 95% CI, 0.67-1.07). Only Sardi's trial showed a statistically significant benefit of NACT in terms of overall survival (HR ¼ 0.53, 95% CI, 0.31-0.92) (Sardi et al, 1997) . Among the six trials, Eddy's GOG trial (Eddy et al, 2007) and our trial demonstrated no survival benefit of NACT (HR ¼ 1.01, 95% CI, 95% CI, . Why the results differed substantially among trials remains unclear. The metaanalysis concluded that the type of drugs used or how they were given had no effect on the overall results. Moreover, the results were similar in women with early-stage disease and those with more advanced cancer.
The clinical response rate of 67% reported in this study is lower than the rate of 84% obtained in patients with stage IB2 disease in Sardi's trial (quick VBP regimen: intravenous vincristine 1 mg m À 2 , bleomycin 25 mg m À 2 on days 1-3 and cisplatin 50 mg m À 2 every 10 days for 3 cycles), but higher than the rate of 52% obtained in Eddy's GOG trial (quick VP regimen, intravenous vincristine 1 mg m À 2 and cisplatin 50 mg m À 2 every 10 days for 3 cycles). A previous meta-analysis of Neoadjuvant Chemotherapy for Locally Advanced Cervical Cancer Meta-analysis Collaboration (2003) reported that the timing and dose intensity of cisplatinbased NACT appear to have an important impact on the benefits of such treatment despite some unexplained heterogeneity between the trials in their design and results.
It is very difficult to compare the radicality of RS among trials in the Cochrane meta-analysis. Two of the trials (Napolitano's and Sardi's trials) reported markedly increased rates of radical resection with NACT, whereas no difference was found in the three trials (Cai's, Chen's, and Eddy's trials). In the present study, the rate of RS was similar in NACT group and RS group (93%). The 5-year survival rate of patients with stage IB2 disease in the RS group of Sardi's trial was only 60%, whereas the 4-year survival rate of patients with stage IB2 disease in the RS group of our study was 82%. Perhaps more radical surgery eliminates the survival benefits of NACT.
Concurrent chemoradiotherapy has been considered as current standard adjuvant therapy after RS for patients with high-risk factors for recurrence since 2000 (Peters et al, 2000) . The role of NACT for high-risk patients who will receive chemoradiotherapy after RS is unclear. Radiotherapy alone was administered in previous NACT trials including our study. Therefore, concurrent chemoradiotherapy should be included when conducting the future NACT trial.
Optimal regimens for NACT have yet to be defined. Among the six trials included in the Cochrane meta-analysis, four trials used cisplatin-based chemotherapy combined with vincristine, three trials used bleomycin, and two trials used 5-fluorouracil or mitomycin because these trials were started between 1987 and 2001. Cisplatinbased chemotherapy combined with ifosphamide, paclitaxel, and topotecan may be more effective for cervical cancer (Omura et al, 1997; Moore et al, 2004; Long et al, 2005) . Paclitaxel combined with cisplatin was associated with a higher response rate and better progression-free survival in patients with metastatic cervical cancer (Moore et al, 2004) , and one phase III trial reported that a combination of paclitaxel, cisplatin, and ifosphamide had a significantly higher response rate than cisplatin and ifosphamide (Buda et al, 2005) . To clarify the benefits of neoadjuvant chemotherapy, more potent regimens of chemotherapy should be explored.
In this study, the proportion of patients who received postoperative RT was significantly lower in the NACT group than in the RS group (58% vs 80%). In Eddy's GOG trial, the rate of postoperative RT was small, but not significantly lower in the NACT group than in the RS group (45% vs 52%). When we compared improvements in extrauterine pathological findings associated with NACT between these studies, the reduction in the proportion of patients with positive pelvic nodes was more apparent in the present study than in the GOG trial (from 44% to 29% vs from 39% to 32%). Improvements in other extrauterine pathological findings such as positive para-aortic nodes, parametrial involvement, and positive surgical margins were marginal in both studies. The decreased incidence of positive pelvic nodes in our trial most likely influenced the rate of postoperative RT in the NACT group.
Recently, Matsumura et al (2010) reported that NACT followed by surgery plus postoperative chemotherapy with cisplatin/ irnotecan or nedaplatin/irinotecan, but not RT, is a viable option for the treatment of stage IB2-IIB cervical cancer. This treatment offers the advantage of eliminating radiation-induced morbidity
In conclusion, NACT before RS did not improve overall survival in patients with stages IB2, IIA2, and IIB locally advanced cervical cancer. However, NACT did reduce the proportion of patients who received postoperative RT. Further trials are warranted to clarify the potential benefits of NACT in locally advanced cervical cancer, once new drugs or new combination regimens are shown to be effective as NACT, postoperative adjuvant chemotherapy, or both. Two ongoing randomised phase III trials (EORTC 55994; NCT00193739) are comparing NACT followed by surgery with concurrent chemoradiation. The results of these trials may play an important role in determining whether NACT before surgery is a valid alternative to chemoradiation.
